Introduction
It is widely believed that the outer nuclear membrane is continuous with the endoplasmic reticulum in many cukaryotic cells, and that the nuclear membranes are biochemically similar to the endoplasmic reticulum (see Franke & Scheer. 1974 : Wunderlich et al., 1976 : Fry, 1976 : Harris, 1978 . Moreover, some workers hold the view that the nuclear membranes are so similar to the endoplasmic reticulum in function and composition that the nuclear membranes themselves might be important only in those cells (such as thymocytes, sperm cells, lymphocytes or nucleated erythrocytes) where they account for a significant proportion of the total cytomembrane surface (Franke & Scheer, 1974; Fry, 1976; Franke et al., 1976) . In this review we attempt to evaluate some of the evidence that underlies this belief. Similarity in composition and function implies (a) that the components of the two membrane systems are indistinguishable. (6) that the relative amounts of all the components are similar in the two systems, (c) that the spatial orientation of each individual component (carbohydrate, polypeptide, etc.) is the same with respect to other components in the two sets of membranes, (d) that the same enzymic activities are found at similar levels in the two systems. We shall examine the similarity of nuclear membranes and endoplasmic reticulum under these four headings, and discuss the possible relationships between the systems.
Three points must be emphasized at the outset. First, however compelling the ultrastructural evidence for continuity between the systems may be, continuity does not necessarily imply similarity as defined above. It is well established that the endoplasmic reticulum is itself heterogeneous in composition and function (Depierre & Dallner, 1976) . and this makes similarity between the two systems difficult to establish.
Moreover, since there is no generally accepted method for purifying outer or inner nuclear membrane, the degree of similarity between these two components of the nuclear envelope is also unclear. Second, nuclear envelopes comprise pore complexes and a lamina (Aaronson & Blobel, 1975; Dwyer & Blobel, 1976; Richardson & Maddy, 1979, 19800) as well as the two nuclear membranes, and therefore comparisons between whole nuclear envelope and endoplasmic reticulum are evidently not comparisons of like with like. It seems more realistic, a priori, to compare endoplasmic reticulum with nuclear envelopes from which the pore-complex-lamina fraction has been removed (Richardson & Maddy, 19806) . Third, evidence for similarity between two intracellular membranes, for example, the occurrence in each of a particular enzyme with a particular specific activity, may indicate a property common to all intracellular membranes in that cell type, rather than a property peculiar to the two systems under consideration. Thus any indication of similarity must be viewed critically in the light of studies on other membranes.
2. Membrane continuity Watson (1955) was among the first to observe a continuity between the endoplasmic reticulum and the outer nuclear membrane, and between the inner and outer nuclear membranes at the pore complex in rat splenic cells. He considered that all these membranes could be regarded as part of the same system and that the nuclear membranes were merely a part of the endoplasmic reticulum specialized for nucleocytoplasmic transport. Watson's (1 955) observations were corroborated by others for a number of tissues, including carcinomatous cells of mouse cervix (de Groodt et a/., 1958) . maize root meristem cells (Whaley et al., 1960) , rat liver (Porter, 1961) . rabbit blastocysts (Hadek & Swift, 1962) and maize root-tip cells (Porter & Machado, 19601 , but the early studies, which did not make use of aldehyde fixation techniques, are not always convincing in their demonstration of continuity. It is noteworthy that much of the evidence for continuity rests on old literature. It is also important to emphasize that the outer nuclear membrane can show local evaginations and form short-circuit bridges between neighbouring sites on the nuclear surface (Franke & Scheer. 1974) ; thus, some reported continuities between the outer nuclear membrane and rough endoplasmic reticulum may be local. restricted specializations of the outer nuclear membrane. Franke & Scheer (1974) have provided good electron micrographs to demonstrate [in the meristematic root-tip cell of the onion and in Xenopus leauis oocytes (lampbrush stage)! what may be interpreted as either a continuity between the outer nuclear membrane and the endoplasmic reticulum, or a major evagination of the outer nuclear membrane into the cytoplasm. Such apparent continuities may be missing both in cells in which the endoplasmic reticulum is diminished or absent (Franke, 1974aJ) and in cells with a highly developed endoplasmicreticulum system (Franke, 1 9 7 4~: Franke et al., 1974 : cf. also Franke, 1977 . Cytomorphometric determinations of the extent and frequency with which continuities between the two membrane systems may be observed in a given cell type at a specified stage in its development are lacking, perhaps because the phenomenon is in fact rarely observed. Such continuities. where they exist, must presumably be transient, since the nucleus has been observed to rotate in epithelial cells in culture (Pomerat, 1953; Mirsky & Osawa, 1961) and, unless the elements attached to the nucleus describe a fixed orbit at the same rate, links must be continually broken and re-formed (Agutter, 1972~) .
3. Composition and organization of the membranes 3.1. Lipids. Rough endoplasmic reticulum and nuclear envelopes have similar total lipid, phospholipid and fatty acid patterns (for reference see Franke & Scheer. 1974; Harris. 1978) . Both have low cholesterol and sphingomyelin contents compared with the plasma membrane, ( Table I) . There are. however, some significant differences. The nuclear envelopes have a relatively high content of cholesterol esters (Kleinig. 1970 phospholipids of nuclear envelopes generally contain more saturated fatty acids Keenan et al., 1972) , suggesting that the nuclear-membrane lipid may be less fluid than that of the endoplasmic reticulum (Stadler & Kleinig, 197 I) . After incubation of isolated preparations with cholesterol-rich liposomes, the cholesterol/phospholipid ratios are increased about 3-fold in both nuclear envelopes and endoplasmic reticulum, without any significant change in their phospholipid/protein ratios (Agutter ef al., 1 9 7 9~) .
There is no clear phase-transition temperature in the lipid of either system (Clawson & Smuckler, 1978) , but phase segregation (the formation of rigid phospholipid domains in a fluid environment) occurs in both as the temperature is lowered (Wunderlich et al., 1975 : Nagel & Wunderlich, 1977 . Moreover, Tetrahymena grown at low temperatures incorporate more unsaturated fatty acids into both endoplasmic reticulum and nuclear envelopes (Wunderlich et al., 1975; Nagel & Wunderlich, 1977) . At present there is no evidence for differences in the lipid composition of inner and outer nuclear membranes, and there have been no studies on possible differences between individual leaflets of any one lipid bilayer. Therefore there is no information about the orientation of phospholipids in the membranes.
3.2. Carbohvdrates. The nuclear envelope does not contain detectable amounts of glycolipid (Keenan et al., 1970 : Kleinig, 1970 . so carbohydrate, which constitutes 3 4 % by weight of delipidated nuclear-envelope preparations (Kashnig & Kasper, 1969) , is presumed to be largely protein-bound (Kasper, 1974) . Electrophoretic analysis of nuclear-envelope and endoplasmic-reticulum glycoproteins has demonstrated a major homology between the two membrane types at 160000 mol.wt. (Bornens & Kasper. 1973 : Kasper, 1974 . Analysis of the sugar residues in both membrane types has shown a very high proportion of mannose and galactose (Kawasaki & Yamashina, 1972 : Franke et al., 1976 and at similar ratios (but see also Phillips, 1973 
b).
Thus the two membrane systems exhibit a major glycoprotein homology, similar sugar compositions and exposure of concanavalin A-binding sites solely on their luminal surfaces. Although these observations seem to indicate similarity between the membrane systems. the following three points must be emphasized.
( I ) Exposure of the carbohydrate moiety of membrane glycoproteins solely on the luminal surface may be a general principle of endomembrane organization rather than a characteristic peculiar to the two membranes under consideration (see the Introduction).
(2) So far only one definite homology has been demonstrated between nuclear-envelope and endoplasmic-reticulum glycoproteins: yet the rough-endoplasmic-reticulum membrane bears at least 15 concanavalin A-binding glycoproteins (Boulan et al., 1 9 7 8~) . and the nuclear envelope contains two major and five minor concanavalin A-binding glycoproteins (Virtanen ef al., 1977) .
(3) Although analysis of the sugars has identified the major residues in the nuclear envelope and the endoplasmic reticulum, there is rather poor agreement over the relative proportions of different sugar residues. More weight should perhaps be given to the closely defined data of Franke et al. (1976) . which indicate considerable similarity in the relative proportion of different sugar residues in the nuclear envelope and endoplasmic reticulum. Wilson & Chytil (1976) showed that the patterns were distinct, although similarities could be observed in the region corresponding to a molecular weight of 50000. Bornens & Kasper (1973) established that approx. 55% of the nuclear-envelope polypeptides are divided into the molecularweight ranges of 64000-74000 and 47000-60000, whereas the majority of microsomal-membrane polypeptides were in the latter region. Nearly 22% of nuclear-envelope protein was accounted for by polypeptides wjth molecular weights 70000 and 74000. whereas the microsomal membrane had only a single minor component in this molecular-weight region. Both membrane types revealed a glycoprotein of molecular weight 160 OOO by periodic acid/Schiff staining (cf. discussion of carbohydrates, above).
If the bulk of nuclear-envelope protein is contained within the pore-lamina fraction, which is not present in endoplasmic reticulum. then it is to be expected that electrophoretic analysis of the polypeptides would show marked differences from the endoplasmic reticulum. In only one study (Richardson & Maddy. 19806 ) has an attempt been made to differentiate between those polypeptides that are associated with the pore-lamina fraction and those that are associated with the membranes. As yet, there is no accredited means of isolating the inner and outer nuclear membranes. However. extraction of nuclear envelopes with 2.0% (v/v) Triton X-100. followed by centrifugation. provides (a) an insoluble pellet of pore complexes and lamina and (b) a supernatant containing membrane components. including more than 95% of the phospholipid (Aaronson & Blobel. 1975 After electrophoresis, the gel was stained with Coomassive Brilliant Blue. Black dots indicate homologies between Triton X-100 extracts of the membranes. Gels: (a) whole nuclear envelope; (b) whole rough endoplasmic reticulum: (c) residue of nuclear envelope after extraction in 2% Triton X-lo0 (this is known as the 'pore complex-lamina fraction'): supernatant were compared with those of isolated rough endoplasmic reticulum. it was found that nearly 50% of the polypeptides present in the rough endoplasmic reticulum.
particularly those below 46 O00 molecular weight. were absent from the nuclear envelope (Richardson & Maddy. 19806) . This seems to argue against similarity between the two membrane systems: however. it involves a somewhat crude comparison of two highly organized membrane systems. When the rough endoplasmic reticulum was extracted with Triton X-100 to remove its 'integral' polypeptides and this extract was compared with the supernatant of a Triton extract of nuclear envelope. then the suprising observation was made that all 17 of the major integral polypeptides of the endoplasmic reticulum exhibited clear homologies with polypeptides from the nuclear envelope ( Fig. I. Although gross comparisons of membrane polypeptides yield interesting results. they leave unanswered the question whether polypeptides shared by both membrane systems are arranged in the same ways in the nuclear membranes and the rough endoplasmic reticulum. The polypeptides exposed at the cytoplasmic surfaces of the outer nuclear membrane and the rough endoplasmic reticulum have been identified by lactoperoxidase-mediated iodination (Richardson & Maddy, 19806) . Two major polypeptide homologies were established at 105 000 and 15OOO molecular weight. but the overall pattern of iodination was substantially different. Thus the cytoplasmic surface of the outer nuclear membrane is clearly distinguished from that of the rough endoplasmic reticulum.
Enzyme activities and ribosomes
The comparatively close agreement between different laboratories about the lipid. carbohydrate and polypeptide components of the nuclear envelope contrasts strongly with the great disparities found in enzyme-activity measurements. Such disparities may arise for a variety of reasons. three of which seem to us particularly important, making it difficult to attempt a critical comparison of the enzyme activities found in endoplasmic-reticulum and nuclear-envelope preparations by different laboratories. The three salient reasons are as follows.
(a) Different preparations of nuclear envelope may be contaminated, to widely differing extents. by other subcellular organelles. Thus a preparation containing substantial endoplasmic-reticulum contamination may be expected to show more endoplasmic-reticulum 'character' than one that is less contaminated. Estimates of contamination may be inaccurate. for they are often based on the measurement of low amounts of labile enzymes. Also. clear-cut marker enzymes do not always exist.
(b) Techniques for preparing nuclear envelopes differ widely in their rigour and thus in the likelihood of their inactivating labile enzymes. Furthermore. it is usual for a laboratory to treat preparations of endoplasmic reticulum and nuclear envelopes quite differently rather than to extract the two membrane types under the same conditions in order to effect a more reliable comparison.
(c) The assay conditions used may differ in two laboratories. so the results are not necessarily comparable. For instance. the major 'ATPase' (nucleoside triphosphatase. EC 3.6.1.15) of nuclear envelopes has a narrow pH optimum around 8.0 (Agutter et al., 19796) . but is often assayed at pH 7.4 (see. e.g .  Franke et a/., 1970) .
4.1. Enzymes. A comparison of enzyme activities and cytochrome contents of nuclear envelopes and microsomal fraction from rat liver tissue is given in Table 2 . which has been constructed according to the following principles.
(i) Where an enzyme activity has been established both histochemically and enzymically as endogenous to a membrane preparation. but is described by a particular laboratory as being absent. then these latter data are excluded. Thus. for example. the negative data of Franke ei al.. (1970) and Agutter (19726) on glucose 6-phosphatase (D-glucose 6-phosphate phosphohydrolase. EC 3.1.3.9) activity in nuclear envelopes are excluded. This enzyme is. without question. found at high activities in both the nuclear envelope and endoplasmic reticulum of rat liver (see Table 2 ). and in subsequent papers the two authors who initially published negative data have retracted their earlier views (Kartenbeck el al., 1973: Milne ei a/., 1978). Jarasch eta/. (1979) Frankeetal. (1970) Kasper (1971) Franke et a/. (1970) Kasper (197 I) Jarasch et al. (1979) Jarasch et a/. (1979) When the cytochrome P-420 content of unextracted nuclei is compared with that of microsomal fraction, and the values are expressed in terms of phospholipid rather than protein, this ratio becomes 1.8.
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(ii) Enzyme activities more normally associated with mito-(iii) Enzyme activities such as D N A polymerase (deoxychondria I e.g. cytochrome oxidase (ferrocytochrome c-oxygen nucleoside triphosphate-DNA deoxynucleotidyltransferase, EC oxidoreductase, EC 1.9.3.1.)1, whose activities in the nuclear 2.7.7.7) (Deumling & Franke, 1972 : Kay et al., 1972 envelope are controversial, are excluded. (For details of the Yamashita et al., 1975 : Ito & Green, 1976 and D N A swivel controversy surrounding the presence of cytochrome oxidase in (nicking-rejoining) enzyme (Yoshida et al., I977), which are the nuclear envelope, see : Zbarsky, 1972 1976.) contamination, are excluded. Thus, in constructing Table 2. some effort has been made to promote a fair examination of the 'microsomal-type' enzymes found in the nuclear envelope. Less restrictive surveys may be found elsewhere (see. e.g.. Franke. 1974a .b: Zbarsky. 1978 . Notwithstanding the discrepancies arising from the causes outlined in section 4. it is apparent from Table 2 that there is a very poor agreement between different laboratories over the actual amounts of different enzyme activities in the two membrane systems. Indeed. there is such variation in the measured activities of enzymes and in their relative proportions in the two membrane types that it is not always possible to establish which membrane type has the higher activity. But it is clear that the two membranes exhibit several activities common to one another (and also to other endomembrane types: see Morre & Ovtracht. 1977 : Morre ef al., 1979 . A general point worth emphasizing again at this stage is that. in nuclear envelopes with a high pore-complex frequency (e.g. those from liver tissue), the bulk of the protein in the preparation relates to the pore complexes and their associated lamina (see Aaronson & Blobel, 1975 : Dwyer & Blobel, 1976 . Thus if. in comparing the activities of membrane enzymes found in the two systems. we express enzyme activities in terms of protein, we are not truly comparing like with like. It would therefore be much more satisfactory to compare putative membrane enzyme activities in terms of lipid phosphate: but this is rarely done, and, in the absence of chemical data on the endoplasmic-reticulum preparations used by different laboratories, the activities cannot be recalculated. However, it is noteworthy that in cases where an enzyme activity. measured in terms of protein, is found to be substantially higher in the nuclear envelope, then its membrane activity (measured in terms of phospholipid) will be very much greater, since nuclear envelopes have a lower phospholipid/protein ration than has endoplasmic reticulum. Sagara ef a/., (1978) have measured the glucose 6-phosphatase activity present in nuclei and microsoma1 fraction and expressed their measurements in terms of phospholipid (implicity assuming that phospholipid is restricted to the nuclear membranes of isolated nuclei: cf. Gurr ef al., 1963) . By this calculation the nuclear membranes would appear to possess more than twice the glucose 6-phosphatase activity of the microsomal fraction.
The nuclear envelope and endoplasmic reticulum exhibit several common electron-transport activities. Rotenone-and antimycin-insensitive NADH-cytochrome c or ferricyanide reductase (EC 1.6.99.3) is present in both membrane systems (Kashnig & Kasper, 1969; Milne et a/., 1978) . Cytochrome P-450 (which can act as an electron acceptor in the NADPH-cytochrome c reductase system, EC 1.6.2.4) is present at high activity in both the endoplasmic reticulum and nuclear envelopes of rabbit liver (Ichikawa & Mason, 1973) and rat liver ; Sagara el a/., 1978). Although very low amounts of cytochrome P-450 have been reported in nuclear envelopes prepared by high-salt procedures (Franke et al., 1970 Kasper. 1971) , its presence on the cytoplasmic surface of the outer nuclear membrane has been clearly demonstrated (Matsuura et al., 1978) by using ferritin-labelled antibody to microsomal cytochrome P-450. Thus the cytochrome P-450 present in the outer nuclear membrane is closely related to, if not identical with, that in the corresponding memberane plane of the endoplasmic reticulum. Kasper (1971) reported that the drug-oxidizing activities of rat liver nuclear envelopes were distinct from their microsomal counterparts. since, in contrast with the significant increase of activity seen in microsomal fractions. NADPH-cytochrome c reductase, cytochrome P-450, aryl hydroxylase [aniline, reduced-flavoprotein-oxygen oxidoreductase (4-hydroxylating), EC. I.I4.I4.11 and an aminoazo-dye N-demethylase were not induced by phenobarbital treatment. Aryl hydroxylase activity, which is associated with the NADPH mixed-function oxidase system, was inducible in both membrane types by the carcinogen 3-methylcholine (Khandwala & Kasper. 1973 ). In contrast with Kasper's (1971 ) findings. lchikawa & Mason (1973 have reported that phenobarbital induced both cytochrome P-450 and NADPH-cytochrome c reductase in rabbit liver nuclei. Sagara et al., (1978) found a significant increase in cytochrome b,, 0-de-ethylase (7-ethoxycoumarin as substrate) and N-demethylase in nuclei and microsomal fractions from phenobarbitaltreated rat liver. This evidence. combined with the immunological data and inhibition studies by Sagara ef a/. (1978) . strongly favours the existence of intrinsic microsomal-type enzymes in rat liver nuclear membranes. Nuclear-membrane NAD+ glycohydrolase activity (EC 3.2.2.5) is identical with the microsomal enzyme in its K , for NAD+. pH optimum. ratio of transglycosidase activity to NAD+ glycohydrolase activity. thermal stability and sensitivity to various inhibitors (Fukushima ef al.. 1976) . Thus. although the absolute activities are different, the actual enzyme is almost certainly identical. No enzyme has been described which is present in both nuclear envelope and endoplasmic reticulum but is not found in any other membrane system (for distribution of enzymes between the endomembrane systems, see Morre & Ovtracht, 1977 : Morre ef al., 1979 . For example. cytochrome P-450. which can act as electron acceptor from the NADPH-cytochrome c reductase system (Fry, 1976) . is present in nuclear envelopes. endoplasmic reticulum and Golgi fractions : Jarasch et al., 1979 . Glucose 6-phosphatase. often regarded as a marker enzyme for the endoplasmic reticulum. is present at high activity in the nuclear envelope (Kay ef a/., 1972: Kartenbeck et a/., 1973) and appears also to be present in the Golgi apparatus (Howell ef a/., 1978) . Cytochrome b, is found in the plasma membrane and outer mitochondria1 membrane as well as in the endoplasmic reticulum and nuclear envelope. The significance of this wide distribution is still unknown (Wunderlich ef a/., 1976; Jarasch ef a/., 1979).
In addition to a number of enzyme activities common to other endomembranes, the nuclear envelope contains certain enzyme activities possibly not shared by any other system. The properties of nuclear-envelope Mg2+-dependent nucleoside triphosphatase, which is detectable cytochemically in the pore complexes (Yasuzumi & Tsubo. 1966 : Yasuzumi ef a/.. 1967 : Chardonnet & Dales, 1972 : Kartenbeck et al., 1973 and also. according to one report, in the membranes (Zbarsky et a/., 1975) . are distinct from those of the endoplasmic-reticulum counterpart (Agutter et a/., 19796) . and the enzyme has been implicated in nucleocytoplasmic transport of ribonucleoprotein (Agutter ef a/., 1976 (Agutter ef a/., , 1977 . In rat adrenal-cortex cells. reaction products of glutamate-oxaloacetate transaminase (EC 2.6.1. I ) have been found in the perinuclear cisternum. but not in the endoplasmic reticulum (Chak & Lee. 1971) . In rat prostate the nuclear envelope is enormously enriched (showing 20 times the specific activity of endoplasmic reticulum) in NADPH-3-0x0 5a-steroid A4-oxidoreductase (EC 1.3.99.5). which reduces testosterone to the active metabolite dihydrotestosterone (Moore & Wilson, 1972) . In none of these cases is it clear at present whether the enzyme activity is localized in one or both of the nuclear membranes, or in the pore-complexlamina fraction. A peroxidase activity (donor-H202 oxidoreductase, EC 1.11.1.7), which has been reported in rat liver nuclear envelopes but not in endoplasmic reticulum , appears to be associated with the lamina. since it resists extraction with Triton X-100 and KCI. 4.2. Ribosomes and profein s.vnthesis. The presence of ribosomes on the cytoplasmic surface is a common feature of both the endoplasmic reticulum and the outer nuclear membrane (Palade. 1955) . Moreover, both membrane types exhibit areas that lack ribosomes and which show vesicle and bleb formation (Franke, 19746; Franke & Scheer, 1974) . Certain polypeptides are believed to be synthesized simultaneously in the nuclear envelope and endoplasmic reticulum: so far, these include Avrameas, 1970) and serum albumin synthesized in liver (Franke. 1977) . Storage of proteins may also occur in the perinuclear cisternum (Fahimi, 1970; Herzog & Miller, 1970 ; Strum & Karnovsky, 1970; Strum et al., 1971) . Protein synthesis is known to show regional specialization. For example, cytoplasmic RNA species coding for albumin and mitochondria1 proteins are preferentially compartmentalized in particular sub-regions of the rough endoplasmic reticulum (Shore & Tata, 1977) . If the endoplasmic reticulum is differentiated (in the sense that different polypeptides are manufactured in different regions), then it is reasonable to suggest that the outer nuclear membrane may also be responsible for the synthesis of a particular sub-set of the cell's proteins (see Gorovsky. 1969) . The presence of ribosomes on the outer nuclear membrane could be an indication that nuclear-membrane proteins are synthesized at the nuclear membranes themselves rather than received from the endoplasmic reticulum. Thus the presence of ribosomes on the outer nuclear membrane could be cited as potential evidence in favour of the biosynthetic differentiation of nuclear-membrane proteins from those of the endoplasmic reticulum, and thus of the functional independence of the two systems, rather than of similarity between them.
Membrane synthesis and repair
Although flow of membrane between the outer nuclear membrane and the endoplasmic reticulum may occur ( Structural studies have indicated that cisternal elements of the endoplasmic reticulum may be recruited in the re-formation of nuclear membranes at the end of an open mitosis (see Franke & Scheer. 1974: Kubai. 1975 : Franke. 1977 ). However, it is noteworthy that, in Amoeba proteus labelled nuclear-envelope, phospholipids are dispersed to the cytoplasm during mitosis, but return to the nuclear envelope at the conclusion of mitosis (Maruta & Goldstein. 1975 ). Since it is not possible to distinguish by microscopy between fragments of the endoplasmic reticulum and fragments of the nuclear envelope that have lost their pore complexes. the evidence that the endoplasmic reticulum may contribute to the re-formation of the nuclear envelope must be considered with caution. Flickinger (1974. 1978) has shown that an interaction between the endoplasmic reticulum and the nuclear envelope may occur if the nuclear membranes are damaged. Repair of Amoeba profeus nuclear membranes that have been damaged microsurgically apparently involves the association and possible fusion of pieces of endoplasmic reticulum with damaged nuclear membranes (Flickinger, 1974 (Flickinger, . 1978 ). This was a purely ultrastructural study, and nothing is known of the biochemical nature of the ribosome-bearing cisternal elements that associated with the nuclear membranes in the repair process.
Concluding remarks
It will be evident from this review that it is extremely difficult to draw firm conclusions about the similarity of nuclear envelopes and endoplasmic reticulum from the available evidence. On the one hand. apparent differences in composition or enzyme activities may reflect heterogeneities of both systems. or the fact that the nuclear envelope includes the pore-lamina as well as membranes: or it may simply be the result of methodological differences between laboratories. On the other hand. apparent similarities may result from cross-contamination of preparations. from properties common to all intracellular membrane systems, or from the sheer complexity of the results (e.g. in the polypeptide patterns revealed by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis).
We have attempted to assess the evidence, taking these difficulties into account. It appears that the lipid compositions of the two systems are very similar. though the nuclear envelope contains more saturated fatty acids, but, despite some important qualitative homologies, there are important differences between the two sets of membranes in terms of polypeptide and carbohydrate components, and the spatial orientations of several major polypeptides in the nuclear membranes differ from those of the homologous components in the endoplasmic reticulum. Several enzymes are common to the two systems, but, as in the case of the homologous intrinsic polypeptides. the relative quantities of these are different in the two cases. Finally, there is no clear evidence that the nuclear membranes are reassembled after mitosis from non-specific fragments of the total intracellular membrane.
In general, therefore, it appears that the degree of similarity between the two systems in terms of composition, organization and activity is somewhat limited. For this reason, we find it difficult to accept the prevailing view that the nuclear membranes are essentially identical with the endoplasmic reticulum.
It seems more probable that, insofar as a relationship exists between the systems, the nuclear membranes are similar to, and exchangeable with, small, restricted regions of the endoplasmic reticulum, and are not non-specific fractions of this cytoplasmic membrane system which fortuitiously associate with nascent pore-laminae during telophase. We must regard the universality and the biological significance of continuity between the systems as dubious at present.
